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The paper investigates asymmetry in the allocation of aggregate demand shocks between real output growth and price inflation over the business cycle in a sample of fifteen Caribbean countries. In most countries, the evidence indicates the existence of a kinked supply curve, which implies that positive demand shocks feed predominantly into prices while negative demand shocks mainly affect output. This suggests that the high variability of aggregate demand in Caribbean countries, frequently exposed to shocks, tends to create an upward bias on inflation and a downward bias on real output growth, on average, over time. The analysis highlights the benefits of eliminating structural rigidities responsible for the kinked nature of the supply curve and points to the dangers of procyclical macroeconomic policies.
I. INTRODUCTION
In general, Caribbean countries have been largely successful in bringing annual inflation down to single digits in recent years. Nonetheless, their growth rates have been disappointing despite fiscal stimulus. Previous research (see, e.g. Sahay (2006) ) suggests that absent higher growth, the fiscal position may not be sustainable over time. Caribbean countries are small open economies that are highly dependent on tourism receipts. This unique feature exposes their economies to excessive demand variability from external shocks. The ability of these economies to absorb demand variability has implications for economic performance. Furthermore, as policy makers attempt to smooth the outcome of demand variability on economic performance, structural impediments may impose a serious challenge to their efforts.
To shed some light on structural rigidities governing the relation between demand variability and economic performance, this paper traces the nature of cyclical fluctuations on the macro-economy across a sample of fifteen Caribbean countries. Demand-side fluctuations could arise from domestic factors or policies, including monetary or fiscal policies, or external factors, such as those affecting flows of remittances and/or other determinants of the external position. Asymmetry in the response of real growth and price inflation to demand shocks over the business cycle will determine the net effect of demand variability on economic performance over time.
The analysis indicates that the majority of the Caribbean countries are characterized by a kinked supply curve; i.e., one that is flat when output is below potential and steep when it is above. This implies that during demand expansions, inflation accelerates while the real output response is moderate. On the other hand, during demand contractions, a flatter supply curve implies a bigger drop in real output growth with only a small deceleration in inflation.
These results point to two important policy implications: (i) the need to address structural rigidities that create the kink in the supply curve, and (ii) the dangers of procyclical policies that accentuate demand shocks and exacerbate the associate upward bias on inflation and downward bias on real growth.
The outline of the paper is as follows. Section II provides an overview of macroeconomic developments in the fifteen Caribbean countries, focusing on output growth and inflation. Section III provides a theoretical background for the kinked-slope of the supply curve. Section IV presents the empirical models and results. Section V analyzes the time-series results. Section VI presents the conclusion and policy implications.
II. AN OVERVIEW OF MACROECONOMIC DEVELOPMENTS IN CARIBBEAN COUNTRIES
The analysis of the paper concerns cyclicality in real growth and price inflation across Caribbean countries. This section summarizes major indicators characterizing real growth and price inflation across countries. 1975-2005. 2 The lowest average real growth is in Haiti (0.64%) and the highest average real growth is in Belize (5.4%) . The volatility of real growth is generally high across Caribbean countries, as measured by the standard deviation. The lowest volatility is in St. Kitts and Nevis, 2.5 percent, and the highest volatility is in Suriname, 5.9 percent. As noted by Cashin (2006) , output in Caribbean countries is, on average, about 1.6 times as variable as output in the United States. 3 In Table 1 , the rate of inflation, using the GDP deflator, ranges from a low of 2.8 percent in Belize to a high of 25.9 percent in Suriname over the period . The highest inflation variability is in Suriname, 39 percent, and the lowest inflation variability is in The Bahamas, 2.8 percent.
Across countries, where inflation was high, real growth tended to be low, providing some evidence for supply-side constraints. On average, the correlation coefficient between real growth and price inflation is negative (-0.57) and statistically significant across countries. The paper turns to the analysis of fluctuations contributing to variation in real growth and price inflation over time.
III. THEORETICAL BACKGROUND
Assume aggregate demand intersects with the aggregate supply curve at a level of output y* that corresponds to full capacity utilization. Aggregate demand may be subject to random shocks that generate fluctuations 2 For related literature analyzing Caribbean growth cycles, see Mamingi (1999) , Borda, Manioc and Montauban (2000) , and Craigwell and Maurin (2002) , among others. DeMasi (1997) provides a summary of approaches taken by the International Monetary Fund in estimating growth cycles.
3 Mendoza (1995) and Agenor et al. (2000) attribute the high volatility in developing countries to the greater incidence of exogenous shocks.
around the steady state equilibrium output over time. Assume these shocks follow a symmetric distribution, i.e., shocks have zero mean and constant variance. Demand variability determines the size of demand shifts over the business cycle. The allocation of demand shocks between real growth and price inflation is dependent on the shape of the supply curve. Along a linear supply curve with a constant slope, the effects of demand shifts, positive and negative, cancel out, implying demand variability does not determine trend real output growth or price inflation over time. However, this is not the case when the supply curve has a kink (see Figure 1 ).
Theoretical explanations of a kinked-shape supply curve have emphasized the role of institutional and structural rigidities in the labor and product markets. In a framework in which nominal wage negotiations follow contractual agreements, the magnitude and speed of wage adjustments (degree of wage indexation) may be different during expansions and contractions. During boom periods, cost of living adjustments maybe specified to guarantee workers upward adjustment of wages to keep up with inflation. In contrast, employers may resist adjusting wages in the downward direction during recessions. 4 Alternatively, the asymmetric flexibility of nominal wages maybe an endogenous response to uncertainty impinging on the economic system. 4 Some (see, e.g., Kandil (2002a) ), explain downward wage rigidity by employers' desire to retain experienced workers and avoid the search and training cost of hiring new workers to accommodate a potential future rise in demand. In the context of the Caribbean region, employment is dominant in the public sector. Political consideration may necessitate higher compensation of civil servants during economic booms, while resisting a slow down in the wage bill during downturns. Models of the variety of Gray (1978) have emphasized the dependency of the degree of indexation on the variability of stochastic disturbances. Higher demand variability may increase uncertainty and, therefore, the probability of realizing positive and negative demand shocks. Agents may form asymmetric behavior to hedge against uncertainty. Agents are more inclined to hedge against the risk of higher inflation, demanding a stipulation of cost of living adjustments to protect their real wages. In contrast, cost of living adjustments are usually not stipulated in anticipation of a slow down in demand and, therefore, price deflation. Similarly, agents in economies with a history of high trend inflation are likely to have larger incentives for upward wage flexibility, compared to downward flexibility.
An alternative explanation of supply-side asymmetry is based on the frequency and speed of adjusting product prices. This framework emphasizes the cost of adjusting prices "menu costs" in determining producers' decisions. Menu costs comprise the cost and effort involved in changing prices (see, e.g., Ball and Mankiw (1994) ). When trend inflation is high, the presence of menu cost implies an upward bias on inflation. High trend inflation increases producers' incentives to raise prices above the current equilibrium, in anticipation of the need for continuous upward adjustment. An expansionary demand shock, coupled with high trend inflation, creates a large gap between desired and actual relative prices. During a recession, producers may resist paying the menu cost to adjust prices downward as they expect trend inflation to decrease their relative prices in par with their competitors. As a result, positive shocks are more likely to induce a larger upward price adjustment, compared to downward adjustment in the face of negative shocks.
Along a kinked supply curve (see Figure 1 ), demand variability induces a tradeoff between real output growth and price inflation. Assuming a steeper supply curve in the face of positive demand shocks, demand variability will have a net average positive contribution (inflation) to price and a net average negative contribution (contraction) to output over time. Accordingly, demand variability increases the trend of price inflation and decreases trend real output growth, on average, over time.
IV. ECONOMETRIC INVESTIGATION
The investigation will study asymmetry in Caribbean business cycles over the period . Business cycles are fluctuations that develop randomly around the trend component of economic variables. The trend is the domain of real growth, which progresses over time in line with underlying fundamentals that determine production potential. The latter grows over time in line with growth in the economy's endowed resources of labor, capital, and technological advances. Consequently, the trend component follows a non-stationary stochastic trend. In contrast, cyclical fluctuations generate transitory deviations around the stochastic trend and, therefore, are the domain of short-term stationary shocks.
It is worth noting a few factors that differentiate the analysis of this paper from similar studies analyzing business cycles in Caribbean countries. Cashin (2006) uses a statistical business-cycle filter to eliminate the trend component from the random cyclical component following the suggestions of Baxter and King (1999) . Similar to Cashin, the approach of this paper relies on a filtering technique to extract the cycle (stationary component) from the trend (non-stationary component) of the dependent variables under investigation: real GDP and the GDP deflator. However, in contrast to Cashin's work, the paper develops an empirical model to model the cycle, differentiating between the effects of supply and demand shocks and modeling asymmetry in short-term adjustments to expansionary and contractionary shocks.
The empirical model identifies the size and significance of cyclical responses during booms and recessions. To identify periods of economic booms and recessions, the paper analyzes fluctuations in nominal GDP growth. The empirical model seeks to identify symmetric demand shocks along a stable supply curve. Since observed GDP reflects the intersection of supply and demand, however, it is necessary to control for the effects of factors that shift the supply curve. To isolate demand shocks, two controls are used: (i) dummy variables that correspond to the years of natural disasters (see Ramussen (2006) ), and (ii) the energy price. While these two factors are arguably the major sources of supply-side shocks in the Caribbean countries, it must be acknowledged that other factors, not controlled for in the model, also play a role.
Fluctuations in nominal GDP are decomposed into a steady-state growth and a random cyclical component. The steady-state component corresponds to movements in the underlying fundamentals in fullequilibrium. Empirically, this component is derived as the expected GDP, using available information on a range of variables that are generally assumed to determine aggregate demand in theory. 5 The unanticipated residual in the forecast equation measures shocks to aggregate demand growth. 6 By construction, these shocks have a symmetric distribution, where positive shocks identify periods of economic booms and negative shocks identify periods of recessions. The difference between variables' responses to positive and negative shocks to aggregate demand will identify the degree and direction of asymmetry during booms and recessions. 7 If these responses are symmetric, cyclical fluctuations in the face of random demand shocks cancel out over time. A significant response to anticipated demand shifts implies lagged variables underlying agents' forecasts of aggregate demand have a long-lasting effect on developments in the dependent variables.
Model Specification
The stationarity of the variables under investigation is tested following the suggestions of Nelson and Plosser (1982) . Based on the results of the KPSS test for non-stationarity (see, Kwiatowski, Phillips, Schmidt, and Shin (1992) ), the variables under investigation are non-stationary in level and stationary in first difference. Given these results, the empirical models are specified in first-difference form as follows:
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In equation (1), D(.) is the first-difference operator. The logarithm of real output is denoted by t y . The logarithm of nominal GDP, t n , approximates domestic demand for goods and services. The logarithm of the energy price is denoted by t o . Anticipated changes at time t-1 are denoted by
To detect asymmetry, shocks to the energy price and aggregate demand are decomposed into positive and negative components, denoted by t pos and t neg . The parameters p a 3 and n a 3 measure the responses of the dependent variable to the demand shock during booms and recessions. The direction and degree of asymmetry is measured by the statistical significance of the difference in the response of the dependent variable to 7 A number of studies have analyzed asymmetric cyclical fluctuations. Using quarterly data for the United States, the evidence of Cover (1992) suggests that positive money supply shocks do not have an effect on output while negative money supply shocks do. Kandil (1995) provides evidence and explanation of the asymmetric effects of monetary shocks across a sample of major industrial countries. Kandil ((1996) , (2002a)) analyze the evidence of the asymmetric effects of aggregate demand shocks using aggregate data of real output, price, and wage for the United States. Kandil (1998), and contrast the evidence of supply-side asymmetry using aggregate demand shocks across a sample of developing and industrial countries. Kandil (2001) and (2002b) investigate asymmetry in the effects of monetary and government spending shocks using aggregate data for the United States. Other evidence on the asymmetry of business cycles includes DeLong and Summers (1988), Romer and Romer (1989) and Swanson and Van Dijk (2002) . the positive and negative components of aggregate demand shocks. Finally, the term t η is a stochastic error with mean zero and constant variance.
Producers are expected to reflect the cost of anticipated demand fully into their pricing strategy, eliminating the need for additional adjustment in output. Nonetheless, institutional rigidity may prevent full adjustment to demand shifts, necessitating a positive response of real growth. Faced with aggregate demand shocks, producers are expected to vary the output supplied positively with a magnitude that is dependent on resource and structural constraints in the short-run.
In addition, the energy price is expected to determine the cost of production. Higher price of oil increases the cost of the output supplied and decreases real growth.
Asymmetry in the output response to positive and negative demand shocks will verify the possibility of a kinked-shape supply curve. 8 A supply curve that is flatter during cyclical downturns and steeper during booms would be supported by a larger n a 3 relative to p a 3 .
The empirical model for price inflation replicates that for output growth:
Aggregate price inflation is denoted by t Dp . As demand shocks are absorbed in real growth and price inflation, To understand the propagation mechanism from aggregate demand to the real economy, the analysis considers possible asymmetry in specific demand variables during booms and recessions. To that end, empirical models are estimated using specific demand variables as dependent variables: private consumption growth,
Empirical Methodology
To estimate the empirical model in (1), proxies for forecasted growth in domestic demand and the energy price are needed. The growth of aggregate demand, t Dn , is endogenous according to Engle's (1982) test. To form a proxy of agents' forecasts, the growth of aggregate demand is regressed on the lags of selected variables (see footnote 8) based on the results of a formal causality test. Lags of statistically significant variables are included in the forecast equation. In addition, the forecast equation accounts for significant structural break dummies that mark years of natural disasters (see Ramusen (2006)). Dummy variables are introduced following the results of a formal test suggested by Dufour (1982) .
The predicted values are a proxy of agents' forecasts of aggregate demand. The residual of the forecast equation is a proxy for unanticipated random shock to demand growth. To satisfy rationality (see footnote 9), the residual in the forecast equation is a pure white noise with a zero mean and a constant variance. Hence, shocks are distributed symmetrically around the steady state forecasted trend.
Following the suggestions of Cover (1992) , positive and negative shocks to demand growth are defined for the joint estimation as follows: Where abs(.) is the absolute value operator and shock is the surprise component to the specific variable, as described above.
The energy price is exogenous. Accordingly, agents' forecast of the energy price is modeled as a second-order autoregressive, or AR (2) . The proxy for energy price surprises is then formed by subtracting these forecasts from the actual change in the log value of the energy price. Energy price shocks have zero mean and a constant variance. Pagan (1984 and 1986) showed that the use of regression proxies requires an adjustment of the covariance matrix of estimators of the parameters of the model containing constructed variables. As suggested by Mishkin (1982) , a simple alternative is to estimate the expectation equations jointly with the equations explaining the dependent variables using 3SLS. To account for the endogeneity of aggregate demand, instrumental variables are introduced. The instrument list includes two lags of the log first difference of real growth, price inflation, the energy price, the real effective exchange rate, government spending, and the money supply.
The results of Engle's (1982) test for the presence of serial correlation in a simultaneous-equation model indicate that the error terms of the empirical models follow an autoregressive process of order one for some countries. For these countries, the estimated empirical models are multiplied through by the filter
where ρ is the serial correlation parameter and L is the lag operator. The serial correlation parameter is estimated jointly with the rest of the model's parameters.
V. ANALYSIS OF THE TIME-SERIES RESULTS
All data under investigation are annual and taken from the IMF's International Financial Statistics and World Economic Outlook databases. (1) The results are organized in two tables. The tables summarize the parameters that measure the responses of each of the dependent variables to anticipated domestic demand shifts, and the positive and negative shocks to domestic demand. 9 Table 2 presents the evidence for real output growth, private consumption, and private investment. Table 3 presents the evidence for export growth, import growth, and the change in the trade balance.
The empirical model in

Real Output Growth
The results of estimating the empirical model of real output growth are presented in Table 2 across the sample of Caribbean countries under investigation. The discussion below will focus on asymmetry in the effects of aggregate demand shocks on real output growth during cyclical upturns and downturns. Evidence of this asymmetry will determine the net effect of demand variability on trend real output growth.
During economic booms, an expansionary shock to aggregate demand stimulates real output growth significantly in The Bahamas, Jamaica, St. Kitts and Nevis and St. Vincent. This is evident by the positive and statistically significant effects of expansionary shocks to aggregate demand on real output growth. The positive response of real growth indicates flexibility to expand the supply during boom periods. In all other countries, there is no evidence of significant real output growth in the face of expansionary demand shocks, implying inelastic supply curve that necessitates fast adjustment of price inflation to demand expansion.
The contractionary effects of aggregate demand shocks are more pervasive across Caribbean countries. In all but four countries (Dominican Republic, Guyana, Haiti, and Jamaica ) real output growth shrinks significantly during economic downturns.
The difference in the response of real output growth to positive and negative aggregate demand shocks measures the direction and significance of asymmetry. A negative and significant difference indicates that output contraction exceeds expansion with respect to symmetric fluctuations in aggregate demand shocks. Accordingly, higher variability of aggregate demand, a higher probability of realizing positive and negative shocks, is likely to have a net negative effect, shrinking real output growth, on average, over time. Statistical significance supports this scenario in Antigua and Barbuda, Barbados, Belize, Dominica, Grenada, St. Lucia, Suriname, and Trinidad and Tobago.
There is no country in the group in which the growth expansion from a positive demand shock exceeds the contraction as a result of a negative shock. Output fluctuations appear to be symmetric, indicating a neutral effect of fluctuations in aggregate demand on real output growth, on average over time, in The Bahamas, Dominican Republic, Guyana, Haiti, Jamaica, St. Kitts and Nevis, and St. Vincent. In these countries, institutional and structural constraints are similar during booms and recessions, resulting in similar effects of demand shocks on output expansion and contraction. Hence, the effect of demand variability is neutral on real growth in these countries.
In sum, there appears to be evidence for a kinked supply curve in many Caribbean countries. Specifically, contractionary shocks to aggregate demand move along a flatter supply curve, implying an output contraction that exceeds the expansion resulting from a symmetrical distribution of demand shocks.
Price Inflation
The asymmetric impact on inflation is a mirror image of the real output response, as both variables combine to nominal GDP (the corresponding coefficients add up to one). Thus, the shape of the supply curve, supported by the output response, implies an inflationary bias in the face of demand variability.
In Table 2 , the difference in the response of price inflation to positive and negative aggregate demand shocks measures the direction and significance of asymmetry. A positive and significant difference indicates that price inflation exceeds deflation with respect to symmetric fluctuations in aggregate demand shocks. Accordingly, higher variability of aggregate demand is likely to have a net positive effect, increasing price inflation, on average, over time. 10 Statistical significance supports this scenario in Antigua and Barbuda, Barbados, Belize, Dominica, Grenada, St. Lucia, Suriname and Trinidad and Tobago.
Determinants of Asymmetry
Among theoretical explanations of a kinked supply curve, the sticky-price explanation suggests higher incentives to adjust prices upward, relative to downward adjustment, in countries that have experienced a history of higher trend inflation. In a high inflationary environment, agents are more inclined to pay the menu cost and adjust prices upward to prevent a relative deterioration in their product prices. In contrast, high trend inflation reduces incentives to pay the menu cost and adjust prices downward, contemplating a fast reversal of the cycle.
A sticky-wage explanation also suggests higher incentives to adjust wages upward in countries with high trend inflation. Cost of living clauses are likely to be specified to ensure workers adequate compensation in the face of higher inflation. By contrast, wages are likely to be sticky-downward in countries with high trend inflation. Workers are likely to factor in the impact of higher inflation on real wages and resist a slowdown in nominal terms during cyclical downturns.
The implications is higher trend inflation may provide an explanation for the observed asymmetry. Countries with higher trend inflation are likely to exhibit a stronger evidence of asymmetry, implying a steeper supply curve during upturns and a flatter supply curve during downturns.
To verify the validity of this theoretical hypothesis, the parameters measuring asymmetry in output and price in the face of demand shocks are regressed on trend price inflation across the sample of Caribbean countries. The evidence does not support the theory's implications. 11 Across countries, higher trend inflation significantly increases output expansion relative to contraction, while accelerating price deflation relative to inflation. This evidence suggests that countries with higher trend inflation have taken more serious steps to fight inflation.
In light of these results, the empirical evidence rejects possible endogeneity of asymmetric price flexibility with respect to trend price inflation across countries. Determinants of asymmetric price flexibility are likely to be of the result of structural rigidities in labor and product markets that constrain downward adjustments in inflation, even when the trend rate is low.
Asymmetry in Specific Demand
To shed some light on the propagation of aggregate demand shocks to the real economy, the box highlights major features of asymmetric adjustments in the specific components of aggregate demand over the business cycle.
Box 1. Asymmetry in the Behavior of Specific Demand Components
Private Consumption:
• During a boom, private consumption growth increases significantly and correlates with higher price inflation in Dominica, Dominican Republic, Guyana, Haiti, Jamaica, St. Lucia, Suriname, and Trinidad and Tobago.
• During a recession, private consumption growth decreases significantly and correlates with output contraction in Barbados, Belize, St. Kitts and Nevis, St. Lucia, and Suriname.
• During a recession, private consumption growth decreases significantly and correlates with price deflation in Dominican Republic, Haiti, Jamaica, St. Kitts and Nevis, St. Lucia, and Suriname.
• In Barbados, the reduction in consumption growth during a recession exceeds the increase during a boom. • In Guyana, the increase in private consumption growth during a boom dominates the reduction during a recession.
Private Investment
• During a boom, private investment growth increases significantly and correlates with higher price inflation in Dominica.
• During a recession, private investment growth decreases significantly and correlates with larger output contraction in Barbados, Belize, and Suriname.
Exports
• During a boom, export growth increases significantly and correlates with higher price inflation in Barbados.
• During a recession, export growth decreases significantly and correlates with larger output contraction in Belize, Dominica, Guyana, St. Lucia, and Trinidad and Tobago.
Imports
• During a boom, import growth increases significantly and correlates with higher price inflation in Antigua and Barbuda, Grenada, St. Kitts and Nevis, and Suriname.
• During a recession, import growth decreases significantly and correlates with larger output contraction in Guyana and St. Lucia.
Trade Balance
• During a boom, the increase in imports dominates the increase in exports, resulting in significant reduction in the trade balance in Antigua and Barbuda and in Grenada.
To summarize, asymmetric cyclical fluctuations are also evident in the behavior of demand components over the business cycle. Private consumption increases significantly during economic booms, further accelerating price inflation in some countries. In other countries, significant reduction in private consumption during recessions exacerbates real output contraction. Asymmetric cyclical fluctuations of private investment appear even more pronounced compared to private consumption, further exacerbating the inflationary effect and output contraction over the business cycle. In general, cyclicality in exports and imports cancel out during booms and recessions, moderating cyclical fluctuations in the trade balance.
VI. SUMMARY AND CONCLUSION
In an empirical model that differentiates responses to positive and negative demand shocks, the paper investigates asymmetry in the allocation between real output growth and price inflation. The results indicate that the majority of Caribbean countries are characterized by a kinked aggregate supply curve. Asymmetry, in most cases, reveals a steeper supply curve with respect to expansionary demand shocks, compared to contractionary shocks. Consequently, relative to the underlying trend, output contraction exceeds expansion and price inflation exceeds deflation over the business cycle; variability creates a negative growth and a positive inflation bias.
Two major policy implications emerge from this analysis. First, the evidence warrants a careful analysis of institutional and structural rigidities that underlie the kinked-shape supply curve in many of the countries under investigation. A review of constraints to factor mobility and institutions for price adjustments would be helpful in identifying the precise factors responsible for the kinked supply curve. Priorities should then be established to reduce such structural rigidities in the factor and product markets responsible for downward biases on growth and upward biases on inflation implied by the kinked supply curve.
A parallel policy track should aim at smoothing demand variability. Demand variability can be exacerbated by procyclical macroeconomic policies that amplify the impact of external shocks. In particular, additional fiscal spending during economic booms further accelerates price inflation while a slowdown in government spending during a recession exacerbates the contactionary effects. As a result, procyclical policies only serve to worsen the growth-reducing and inflationary bias associated with a kinked supply curve. Edn: Anticipated aggregate demand growth. Posn: Expansionary shocks to aggregate demand during a boom. Negn: Contractionary shocks to aggregate demand during a recession. Asyem: difference in the response to expansionary and contractionary shocks. Coefficients measure the response of each variable to demand shifts. Bracketed magnitudes are t-statistics, where * and ** denote statistical significance at the 5 and 10 percent levels. Negn: Contractionary shocks to aggregate demand during a recession. Asyem: difference in the response to expansionary and contractionary shocks.
Coefficients measure the response of each variable to demand shifts. Bracketed magnitudes are t-statistics, where * and ** denote statistical significance at the 5 and 10 percent levels.
